We have examined the ability of a highly purified 38-kD phospholipase-inhibitory protein (p38) isolated from human placental membranes that is also a preferred substrate for the epidermal growth factor-urogastrone (EGF-URO) receptor/kinase, to block the release of arachidonate from zymosan-stimulated murine peritoneal macrophages in vitro and to exhibit antiinflammatory activity in a carrageenin rat paw edema test in vivo. The ability of glucocorticoids to increase the amounts of this protein in macrophage cultures was also examined. p38 represents the naturally occurring, intact, NH2-terminally blocked human placental form of the protein termed calpactin II (or lipocortin I), for which partial amino acid sequence data and a complete amino acid sequence deduced from cDNA analysis have been reported. Our data demonstrated that, whereas p38 was an effective inhibitor of pancreatic phospholipase A2 in vitro, it was unable to inhibit either the release of arachidonate from cultured zymosan-stimulated mouse peritoneal macrophages or inflammation in a rat paw edema test. At comparatively high protein concentrations, p38 enhanced either arachidonate release from intact macrophages in vitro (0.5-10 micrograms/ml) or carrageenin-induced paw swelling in vivo (2.5 or 25 micrograms per injection). Furthermore, we were unable to detect induced amounts of p38 in cultures of glucocorticoid-treated peritoneal macrophages obtained from either mice or rats. Our data indicate that the antiphospholipase activity of p38 in vitro and the ability [ 
Introduction
Recent work has identified a 35-38-kD substrate (p38)1 for the protein tyrosine kinase receptor for epidermal growth factor- urogastrone (EGF-URO) in A43 1 cells (1, 2) , porcine lung (3), and human placenta (4) (5) (6) (7) . The partial sequencing of the EGF-URO receptor/kinase substrate has indicated that it is probably the same protein identified as a phospholipase-inhibitory protein from human U937 lymphoma cells, for which the entire cDNA sequence has been determined (8) . Because of the ability of the U937 lymphoma cell protein to inhibit phospholipase A2 (PLA2) activity measured in vitro, it has been assumed (and widely accepted) that the U937 protein is representative of a group of glucocorticoid-inducible antiinflammatory proteins termed lipocortins, which are thought to play a role in the action of antiinflammatory steroids (9) (10) (11) (12) (13) . Such glucocorticoid-inducible proteins, partially purified from a variety of sources, have been observed to inhibit the release of arachidonate metabolites, including prostaglandins, from intact cells (14) (15) (16) (17) and to exhibit antiinflammatory activity in vivo in the carrageenin paw edema test (18) . Although the U937 protein was never shown to be either antiinflammatory or glucocorticoid inducible, it was designated as lipocortin I on the basis of its phospholipase-inhibitory activity in vitro (8) . The sequence of this protein is distinct, but closely related to that of the 36-kD substrate (p36) of the sarcoma virus tyrosine kinase (pp60src-kinase) ( 19) . Because of their ability to bind to actin in the presence of calcium and phospholipid, these proteins have been termed calpactins (19) (20) (21) ; the human placental substrate for pp6oSrC has been termed calpactin I, whereas the placental substrate (p38) for the EGF-URO receptor/kinase has been termed calpactin II (6) . Because of its phospholipase-inhibitory activity, calpactin I has also been assumed to represent a member of the lipocortin family, and calpactin I thus has also been designated in the literature as lipocortin II (6) . In view ofthe lack of information about the glucocorticoid inducibility and antiinflammatory activity of the calpactins, we wondered if the term "lipocortin" might be a misnomer for these actin-binding proteins that are by now also widely recognized as lipocortins I and II in the literature.
It is now apparent that the inhibition ofpancreatic PLA2 in vitro by either calpactin I or II is due to substrate sequestration and not to a direct enzyme-inhibitor interaction (22) . Furthermore, no data have yet emerged showing that the recombinant calpactins can directly inhibit the cellular release of AA or the development of an inflammatory response evoked under physiologically relevant conditions in response to specific stimuli, or that the protein designated lipocortin I (calpactin II) can be induced by steroids in macrophage cell culture systems. Published data do, however, document the ability of recombinant human lipocortin I (calpactin II) to reduce the release of pros-tacyclin from suspensions ofhuman umbilical artery rings (23) and to block the release ofthromboxane from perfused guinea pig lung (24) when triggered by some agonists (e.g. leukotriene C4 [LTC4] or chemotactic tripeptides) but not by others (e.g. bradykinin).
The main question leading to this study was: does the substrate for the EGF-URO receptor/kinase (p38/calpactin II) truly represent the family of glucocorticoid-inducible antiinflammatory proteins, termed lipocortins? In view of this question, we examined the ability of an intact, highly purified phospholipase-inhibitory preparation of human placental p38/calpactin II, which we (4, 5) and others have isolated (6, 7) , to block the release of arachidonate from zymosan-stimulated mouse peritoneal macrophages in vitro and to exhibit antiinflammatory activity in a carrageenin paw edema test in vivo. Our data indicate that although p38/calpactin II is an inhibitor of pancreatic PLA2 in vitro, it does not inhibit the release of arachidonate from zymosan-stimulated macrophages under conditions in which corticosteroids are effective. It also does not exhibit antiinflammatory activity in the paw edema assay in vivo (it promotes rather than inhibits swelling). Furthermore, the synthesis and release of p38/calpactin II from either mouse or rat peritoneal macrophages was not induced by corticosteroid treatment of the cells in vitro.
Methods
Protein purification and characterization. Homogeneous p38 was isolated from human placental membranes by a procedure described in more complete detail elsewhere (5) . Placenta membranes were purified from fresh-term human placentas (obtained by cesarean section), using a differential centrifugation protocol previously described (4, 25) , with minor modifications. CaCl2 and protease inhibitors (0.2 mM PMSF, 25 mM benzamidine, and 2 Mg/ml each of leupeptin, soybean trypsin inhibitor, and aprotinin) were included in the homogenization buffer. The isolation of the membranes in the presence of CaCl2 and protease inhibitors yielded a preparation containing, predominantly, a 38-kD substrate for the EGF-URO receptor/kinase, along with smaller amounts of a 35-kD substrate that we have observed previously (4 Fig. 3 . Radioactivity released into the supernatant and in the cell layer was determined and the percent release stimulated by zymosan was calculated.
Western blotting of proteins from glucocorticoid-treated macrophages. Mouse peritoneal macrophages prepared in parallel with those used for AA release experiments were either treated or not with 0.1 M dexamethasone for 3 h under serum-free conditions. Similarly harvested rat peritoneal macrophages were cultured either with or without 10% FCS in the presence or absence of I AM hydrocortisone for 2 h at 370C. Protein appearing in the culture media was collected and concentrated by precipitation with 10% TCA. The cell layers and media proteins were solubilized in SDS sample buffer and fractionated on a 12.5% acrylamide gel in SDS. After blotting to nitrocellulose, immunoreactive protein was detected using antibodies raised to purified human placental p38 (5). These antibodies can detect as little as 0.1 ng of p38.
Paw edema assay. Carrageenin-induced paw edema was measured in male Sprague-Dawley rats after the administration under the footpad of 0.1 ml of a 0.5% wt/vol carrageenin solution in saline either in the absence or presence of coadministered test sample, as outlined in the legend to Fig. 3 . Saline alone (0.1 ml) was administered as a control, against which average paw thickness was measured, using calipers, in millimeters at timed intervals.
Results
As indicated in Fig. 1 , our procedure yielded p38 that was homogeneous according to gel electrophoresis (Fig. 1, lane 1 ) and contained no minor degradation products, as indicated by the presence of a single immunoreactive species, using either an anti-transducin antibody or antibody prepared against purified receptor kinase substrate (reference 5 and data not shown). As is also shown in Fig. 1, p38 was a good substrate for the receptor/kinase in a placenta membrane reconstitution system (4, 5) . This protein, which had a blocked NH2-terminus, had an amino acid composition equivalent to that deduced from the cloned cDNA sequence reported for lipocortin 1 (8) , and yielded a 35-kD proteolytic product for which partial amino-terminal sequencing (5) yielded a sequence identical to amino acid residues 13-36 deduced from the cloned cDNA sequence of lipocortin I (8). This sequence differs only slightly from that of the homologous protein isolated from porcine lung (3). The 35-kD species, representing the proteolytic cleavage product of p38, has been described in a number of previous studies (1, 3, 4) . Our data were entirely in accord with the information obtained independently by Haigler and coworkers (7) for purified human placental calpactin II/lipocortin I. We thus conclude that the p38 used for our studies represents a highly purified, intact, naturally occurring human placental form of the cloned protein, termed calpactin II/lipocortin I (2, 6).
Zymosan-stimulated arachidonate release and phospholipase-inhibitory activity. p38 was able to inhibit porcine pancreatic PLA2 in a concentration-dependent manner using radiolabeled E. coli as substrate (Fig. 2) . In addition to inhibiting pancreatic PLA2 when radiolabeled E. coli were used as substrate (Fig. 2) , p38 was also able to inhibit the activity of the enzyme when a synthetic radiolabeled phospholipid (26) (1-palmitoyl-2-[ -'4C]oleoyl-phosphatidyl choline, 10 1M) was used as a substrate in 50 mM [1,4- piperazinebis(ethane sulfonic acid)] buffer, pH 7.5, containing 10 mM CaCl2. In keeping with the E. coli assay (27, 28) , the enzyme (1 ng) was routinely preincubated for 20 min at 4°C with p38 (2 ug; final volume, 100 ,l) before initiating the reaction by the addition of substrate (10 MM in a final volume of 200 ml). Hydrolysis was allowed to proceed for 30 mn at 30°C, at which time the reaction was stopped by the addition of 3 ml of isopropanol/ ]oleate in an 0.5-ml aliquot of the silicic acid-treated upper phase was measured by scintillation counting. Under these assay conditions, 10 ug/ml p38 caused a 32±3% (mean±SEM; n = 4) inhibition ofenzyme activity; maximally, we observed enzyme inhibition of -54% at concentrations of p38 > 16 ug/ml. This degree of inhibition would have been increased by reducing the amount of phospholipid substrate relative to p38 in the assay (22) . The inhibitory action of p38 was observed over the time course of the enzyme assay, whether or not the PLA2 had been preincubated with p38 before the initiation of the reaction by the addition of substrate.
In contrast to the above results obtained in vitro, p38 did not cause an appreciable inhibition of arachidonate release from intact zymosan-stimulated macrophages ( Fig. 3 B) ; if anything, at higher concentrations (0.5-10 gg/ml), p38 caused a significant increase in arachidonate release from intact macrophages. This increase in arachidonate release, seen at higher input concentrations of p38, was not due to contaminating endotoxin. As measured by the limulus assay, the p38 preparations used showed < 0.1 U/ag protein. In addition, control experiments using an input of I U of endotoxin per macrophage assay well failed to stimulate the release ofarachidonate over the unstimulated background level (data not shown). In contrast with the inability ofp38 to block arachidonate release from intact macrophages, dexamethasone markedly reduced arachidonate release in the macrophage test system (Fig. 3 B) .
For comparative purposes, the conditioned media of glucocorticoid-treated macrophages were also assayed for the ability to inhibit zymosan-induced arachidonate release (Fig. 3  A) . Inhibitory activity appeared in the culture supernatants within 30 min of corticosteroid treatment and reached a transient peak at 90 min. A secondary increase in inhibitory activity appeared in the culture media after 9 h, reaching maximal activity (34% inhibition) at 21 h. The rapid appearance of inhibitory activity in the culture media was similar to that described previously for macrocortin release from nonadherent peritoneal leukocytes ( 14) . A more pronounced inhibitory effect of the steroid was observed when the treated cells were measured directly for arachidonate release (Fig. 3 A, lower  curve) . In this case, zymosan-activated arachidonate release was inhibited by 70% after 21 h of steroid treatment.
To test whether the appearance of inhibitory activity in the supernatant correlated with the glucocorticoid-induced release of p38, the supernatant and cell-layer fractions were analyzed by Western blotting for the presence of immunoreactive p38. as previously described (27, 28 ml serum-free media. The supernatant was then collected and protein was precipitated by the addition of cold TCA to 10% (50 Mg insulin was used as a coprecipitant). After the pellets were collected by centrifugation and acetone washed, they were solubilized in electrophoresis sample buffer, containing SDS. Cellular proteins were solubilized in 1% SDS (100QC), quick cooled to 40C, digested with 1 gg/ml DNAse I, and added to an equal volume of 2X SDS sample buffer. Proteins from the media and cell layer were fractionated on a 12.5% SDS acrylamide gel (31) and processed for Western blotting as previously described (33) . Lanes I and 2, media proteins from steroid-treated (D) and control cells (C). Lanes 3 and 4, cellular proteins from steroid-treated (D) and control cells (C).
As shown in Fig. 3 C, glucocorticoid treatment did not cause an elevation of the intracellular quantities of p38, nor did it cause the appearance (release) of detectable p38 immunoreactivity in the media. With this antibody, the detectable limit of p38 immunoreactivity is 0.1 ng. Since the total protein concentration in the macrophage-conditioned medium after 3 h was -1.0 Aig/ml, it follows that lipocortin, if it were secreted, would have been present at an abundance level of < 0.01%. We were similarly unsuccessful in observing an effect of hydrocortisone on the levels of p38 in cultured rat peritoneal macrophages (data not shown).
In the carrageenin paw edema assay, 16 h dexamethasone pretreatment, as is recognized, was able to reduce paw swelling over the time period ofthe assay (Fig. 4) . In this assay, 3 h after the administration of p38 at 2.5 and 25 ,g per paw, an apparent increase, rather than a decrease in paw thickness, was observed (Fig. 4) . At lower concentrations, 0.1-1.0 ,Ag/paw, no increase or decrease in paw thickness was observed (data not shown).
Discussion
The data in Fig. 1 , along with information that we (5) and others (6, 7) have published leave no doubt that the protein used for our studies (p38) was highly purified intact human placental calpactin II/lipocortin I, for which the entire amino acid sequence is known (2, 6) . The reactivity of p38 with the anti-transducin antibody indicated that the protein is the one we described previously as a substrate for the EGF-URO receptor/kinase (4) and that we have purified to homogeneity (5) . The ability of p38 to inhibit PLA2 in vitro and to serve as a tyrosine kinase substrate in the reconstitution assay indicated (a) that the protein was obtained in its active phospholipase-inhibitory dephosphorylated form; and (b) that the protein, upon isolation, had retained its ability to interact both with cell membranes and with the synthetic phospholipid/PLA2 assay system in vitro. As the protein was obtained in a dephosphorylated state, one would have expected an inhibition of arachi- Figure 4 . Paw edema assay. Carrageenin-induced paw edema was elicited as previously described (34) (29, 30) .
At first glance, our data might appear to contradict the observations of Flower and colleagues, who have used recombinant human lipocortin I to reduce the release of prostacyclin from human umbilical artery rings (23) or to block thromboxane release from perfused guinea pig lung (24) . However, it should be noted that in those studies (a) the inhibitory effects of recombinant lipocortin I on prostanoid production appeared to depend on the dose of the triggering agonist used (e.g., lipocortin I was inhibiting at low but not at high concentrations of LTC4) and (b) that thromboxane release triggered by bradykinin was not blocked by lipocortin I. Our data, demonstrating that calpactin II (lipocortin I) cannot inhibit zymosan-stimulated arachidonate release or carageenin-stimulated paw edema, thus may indicate that many processes associated with an inflammatory response, including arachidonate release, can be triggered by stimuli distinct from those inhibited by lipocortin I in the guinea pig lung and in the aortic ring system. It is unfortunate that the recombinant lipocortin I preparations evaluated by Flower and colleagues were not also simultaneously assayed in the arachidonate-release and paw edema systems. What cannot be overlooked, however, is that in our work the glucocorticoid-induced factors recovered from the supernatant of the macrophage cultures (putative lipocortins) were capable of inhibiting zymosan-triggered arachidonate release (Fig. 3 A) , whereas p38 did not do so. P38 was not detected in increased amounts in either the supernatants or cell layers of glucocorticoid-treated macrophage cultures (Fig.  3 C) . The data thus suggest that p38/calpactin II does not represent the macrophage-derived, glucocorticoid-inducible, phospholipase-inhibitory factor(s) (lipocortin[s]) detected in the culture supernatants, despite the fact that the macrophages contain appreciable amounts of p38/calpactin II. This conclusion is in keeping with the lack of any published information indicating that lipocortin I can be induced by glucocorticoids in macrophages, even though it is present in these cells and in a variety of other cell types (3, 6) .
One alternative, but in our opinion a less likely explanation of our data, would be that the intact form of human p38/calpactin II that we have been able to isolate, using proteolysis inhibitors and a rapid sequential chromatographic protocol, must be partially cleaved or otherwise modified to yield material that would be active as a phospholipase-inhibitory agent in intact cells. Note that previous studies have identified lipocortin activity in protein fractions, ranging in molecular mass from 15 to 40 kD (9-13). Further, it is possible (although unlikely) that p38, as obtained, may have undergone a modification leading to a change in the protein domain responsible for biological activity in intact cell systems, whilst retaining the activities of the domains responsible for internal plasma membrane association (kinase reconstitution assay) and PLA2 inhibition in vitro.
The possibilities outlined in the previous paragraph notwithstanding, our data indicate that intact human placental p38/calpactin II does not exhibit a number of characteristics that would qualify it as a member of the lipocortin family of proteins (9-13), apart from its ability to inhibit PLA2 in vitro: (a) it does not, under circumstances in which a glucocorticoid-induced macrophage culture supernatant does so, inhibit the release of arachidonate from cultured zymosan-stimulated macrophages; (b) it does not exhibit antiinflammatory activity in a rat paw edema assay that responds to glucocorticoid treatment; and (c) it is not induced by glucocorticoids in macrophage cultures that otherwise yield phospholipase-inhibitory material when treated with steroids. It thus would appear premature at this point in time to designate p38/calpactin II as lipocortin I. Clearly, the true physiological role for this interesting member of the annexin protein superfamily (20, 21) remains to be determined.
